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Abstract

Objective: Today, the amount of salt that has been consumed by people is much higher than the value
recommended by the World Health Organization (WHO). Excess sodium intake may cause many ailments,
especially hypertension and cardiovascular diseases. Therefore, it is encouraged to perform salt formulation
studies to reduce the sodium level of processed foods that lead to excessive sodium intake. In this study,
rheological and sensory properties of ezogelin soup made using salt formulation containing NaCl, KCl and L-
glutamic acid were investigated.

Materials and Methods: The rheological properties of soups were measured using a rheometer. Flavor profile
method was used to describe and quantify sensory characteristics of soup samples.

Results: The rheological properties of ezogelin soups with different salt replacer formulations were analysed ata
wide range of temperatures (25, 35, 45, 55 and 65°C). All ezogelin soups behaved as shear thinning (n<1) and
exhibited entagled solution properties. The power law model was determined to be adequate (r*=0,937-0,998) to
fit the flow curves of ezogelin soups. The viscosity of all soup samples showed a strong dependence on
temperature and temperature dependency of rheological parameters followed the Arrhenius model
(r*=0,931-0,987). The activation energy (Ea) values of ezogelin soups were found between 14,350 and 28,284
J/mol. Sensory analysis showed that 50% KCl addition increased bitterness and decreased saltiness of the soup.
The salt formulation (50% NaCl, 40% KCl and 10% L-glutamic acid) seemed to be an ideal formulation to attain
50% sodium reduction in ezogelin soup without negatively affecting its palatability. Additionally, it was seen
that L-glutamic acid addition caused a decrease in the pH of the ezogelin soup.

Conclusion: Salt formulation containing 50% NaCl, 40% KCI and 10% L-glutamic acid could be used for 50%
NaClreduction in ezogelin soup.
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Ozet

Amagc: Giiniimiizde insanlarm tuz tiiketim miktar1 Diinya Saglik Orgiitii’niin 6nerdigi degerin ¢ok {izerindedir.
Fazla sodyum alimi basta hipertansiyon ve kalp-damar hastaliklar1 olmak tizere bir¢ok rahatsizliga neden
olabilmektedir. Dolayisiyla, asirt sodyum alimina neden olan islenmis gidalarin sodyum seviyesini azaltmak
icin tuz formiilasyonu ¢aligsmalarinin yapilmasi tesvik edilmektedir. Bu ¢alismada, NaCl, KCl ve L-glutamik asit
igeren tuz formiilasyonunu ezogelin ¢orbasinda kullanmanin tirintin reolojik ve duyusal 6zellikleri tizerine
etkisi incelenmistir.

Materyal ve Yontem: Corbalarin reolojik 6zellikleri reometre kullanilarak Slgiilmiistiir. Corba 6rneklerinin
duyusal 6zelliklerini tanimlamak ve 6lgmek i¢in lezzet profili yontemi kullanilmigtir.

Bulgular: Bu calismada, farkli tuz ikame formiilasyonlari igeren ezogelin ¢orbalariin reolojik 6zellikleri genis
bir sicaklik araliginda (25, 35, 45, 55 ve 65°C) analiz edilmistir. Biitiin ezogelin ¢orbalarinin, kayma ile incelen
(n<1) davranis sergiledigi ve karisik (entagled) ¢6zelti 6zellikleri sergiledigi goriilmiistiir. Power-law modelinin
ezogelin ¢orbalarmin akis egrilerine uygun oldugu tespit edilmistir (r’=0,937-0,998). Tiim ¢orba 6rneklerinin
viskozitesinin sicakliga kuvvetli bir sekilde bagh oldugu gortimustiir ve sicaklik ile reolojik parametrelerin
iliskisi Arrhenius modelini takip etmistir (r’=0,931-0,987). Ezogelin ¢orbalarinin aktivasyon
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enerjisi (Ea) degerlerinin 14,350 ve 28,284 J/mol arasinda degistigi bulunmustur. Duyusal analiz, %50 KCI
ilavesinin ¢orbanin aciligin artirirken tuzlulugunu azalttigini gostermistir. %50 NaCl, %40 KCl ve %10 L-
glutamik asit igeren tuz formiilasyonu, ezogelin ¢orbasinin lezzetini olumsuz yonde etkilemeden %50 sodyum
azaltim1 elde etmek i¢in ideal bir formiilasyon gibi goriinmektedir. Ayrica, L-glutamik asit ilavesinin ezogelin
corbasiin pH degerinde bir azalmaya neden oldugu goriilmistiir.

Sonuc: %50 NaCl, %40 KCl ve %10 L-glutamik asit i¢eren tuz formiilasyonunun ezogelin ¢orbasinin NaCl
seviyesini %50 oraninda azaltmak i¢in kullanilabilecegi goriilmiistir.

Anahtar Kelimeler: Sodyum Azaltimi, Vizkosite, Reolojik Ozellikler, Duyusal Analiz, Ezogelin Corbasi

1.Introduction

Ezogelin, is one of the most consumed soup varieties
of Turkey, is made with some main ingredients like
red lentils, bulgur, rice and spices (Ibanoglu ve
Ibanoglu 1998, Egresi 2016). This slightly spicy lentil
soup a good source of fiber and protein can be eaten at
any meal (Anonymous 2012). Ezogelin soup
consumed in Turkey can be home-made or instant.
However, it has been reported that commercial instant
soups have gained popularity in recent years due to
changing consumer preference and lifestyle
(Niththiya et al. 2014). Although prepared soups have
several advantages over homemade soups, their high
sodium (salt) content may create some health
problems such as heart failure, hypertension, stroke,
kidney problems, stomach cancer and osteoporosis
(Anonymous 2018). A study conducted by Erdem et
al. (2010) showed that daily salt intake of the Turkish
population (18,01 g/day) is nearly three times higher
than the level recommended by the World Health
Organization (WHO) (Anonymous 2007).
Accordingly, hypertension and chronic kidney
diseases have become the major public health
problems in Turkey (Sengul etal. 2013).

Different strategies have been implemented to reduce
salt consumption of populations i.e. gradual NaCl
reduction, use of salt replacers or consumer education
(Webster et al. 2011). It is known that most of the salt
consumed by people comes from processed foods.
Thus, planning a salt reduction strategy by
considering these foods is highly acceptable. Foods
that are high in sodium include: processed meats,
some canned foods, cheeses, pickles and soup-base
products (Jacobson etal. 2013, Mueller etal. 2016).

The use of salt substitutes is probably the most widely
used method to decrease salt content in processed
foods, in particular, KCI (Desmond 2007). This is due
to that physical properties of KCl have shown
similarity with NaCl and it emerges as an alternative
solution to common potassium deficiency problem
(Cordain et al. 2005, Anonymous 2009, Yang et al.
2011). Nonetheless, owing to the higher molecular
weight of cations (K+), KCI may impart undesirable
side tastes such as bitterness, metallic and acrid to
foods when the large amount is applied
(Waimaleongora-Ek 2002, Sinopoli and Lawless
2012). Cepanec et al. (2017) reported that L-glutamic

acid is one of the most successful taste improving
agent which may eliminate or reduce KCl-originated
unpleasant off-tastes. In addition, the enrichment of
foods with nutritionally acceptable amino acids is
beneficial for improving the nutritional status of
persons (Chopra 1974). On the other hand, variation
in ingredients or their concentration levels may
impact quality properties of foods. Especially,
rheological properties of fluid foods could be affected
by their composition. Many of the sensory properties
of food are directly related to its rheological property
(Yilmazetal. 2010, Gaoetal. 2011).

Soups contain many varied ingredients and they are in
the form of dispersions (Ahmed et al. 2016). Many
studies have demonstrated that NaCl may
significantly influence the rheological behaviour of
products since it is often subject to interactions with
the other ingredients (Ainsworth and Plunkett 2007).
Subsequently, the salt addition resulted in a linear
increase in the viscosity of liquid products (Pham
2013). The viscosity varies more markedly than the
other thermo-physical properties for most liquid
products. Soups generally consumed at high
temperatures (60°C or above). It is known that the
serving temperature of soup both affects the saltiness
perception and its viscosity (Ibanoglu and Ibanoglu
1998, Kim et al. 2015). The relation between shear
rate and viscosity can be considered to categorize
food products into Newtonian or non-Newtonian,
which would serve useful information for structural
analysis, process design and quality control (Rao and
Ananthswaran 1982).

In literature, there are some studies conducted to
reduce sodium content of soup products (Roininen et
al. 1996, Kremer et al. 2009, Gongalves et al. 2014,
Leong et al. 2016). Nevertheless, no study was
conducted related to salt reduction in traditional
Turkish soups. Rheological properties of ezogelin
soup was studied by Ibanoglu and Ibanoglu (1998) at
different temperatures (15-70°C). However, they
performed their study by using a Brookfield
viscometer and did not add any additional ingredient
apart from common recipe. The aim of this study is to
reduce sodium content of traditional Turkish Ezogelin
soup by using KCI and L-glutamic acid without
negatively affecting its some selected quality
properties. In this study, the mixture containing
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different percentages of KCl (25-50%) and L-
glutamic acid (10-25%) was used to replace 50% of
NaClin ezogelin soup. The quality control parameters
(sensory and rheological properties, pH) were tested
to evaluate the feasibility of using this salt substitute
to develop low saltezogelin soup

2.Material and Methods
2.1.Materials

The ingredients (red lentil (Duru, Turkey), bulgur
(Duru, Turkey), rice (Duru, Turkey), unsalted butter
(Lurpak, Turkey), sunflower oil (Yudum, Turkey),
wheat flour (Soke, Turkey), unsalted tomato paste
(Tamek, Turkey), onion, dried red pepper and mint
(Bagdat, Turkey)) used in ezogelin soup preparation
were purchased from the local market in Izmir,
Turkey. L-glutamic acid (Sigma, Germany), NaCl
(Merck, Germany), KCI (Merck, Germany) and taste
references (sucrose (Merck, Germany), citric acid
monohydrate (Merck, Germany), caffeine (Sigma,
Germany), tannic acid (Merck, Germany) and
monosodium glutamate (MSG) (Merck, Germany)
were from ISOLAB (Izmir, Turkey).

2.2 Preparation of Ezogelin Soups

According to the research carried out by Anonymous
(2010), there were large variations in the salt content
ofready to eat soups, changing between 0,15to 1,00 g
per 100 g. When the salt level of the ezogelin soups
sold in Turkish market are examined, it is found that
the salt level roughly ranges between 0,50-1,25 g for
100 g soup (Anonymous 2019). Then, the amount of
salt that was added in soup was determined by
averaging these values. Also, there are some studies in
the literature which used the same concentration (0,90
g/100 g) (Anonymous 2001; Mitchell et al. 2011). By
considering this salt ratio, five different salt
formulations were used to prepare ezogelin soups:
ezogelin with 100% NaClI (A), ezogelin soup with
50% NaCl and 50% KCI (B), ezogelin soup with 50%
NaCl, 40% KCI and 10% L-glutamic acid (C),
ezogelin soup with 50% NaCl, 35% KCI and 15% L-
glutamic acid (D), ezogelin soup with 50% NaCl,
25% KCI and 25% L-glutamic acid (E). These ratios
were determined after trials.

To prepare ezogelin soup, the sunflower oil (24 g)
were heated in a cooking pot and small chopped
onions (75 g) were added and fried. Then, washed red
lentil (190 g), rice (18 g) and bulgur (18 g) was added
and boiling water (1000 ml) was poured and whisked
to keep smooth. It was simmered for about 30 minutes
until allingredients were well softened. Oil (18 g) was
heated in a separate pan and then wheat flour and
tomato paste wereadded and fried. After then, this
mixture was added to the cooking pot and extra water
(600 ml), red pepper (1 g), mint (0,5 g), NaClI, KCI
and/or L-glutamic acid were added according to
formulations given above. The mixture was pureed

in a blender (Braun, Istanbul, Turkey) at the highest
speed for 2 minutes. The recipe for soup was taken
from an unpublished survey of homemade ezogelin
soup.

2.3.Determination of pH Values of the Test
Samples

The pH values of the samples were measured by
Anonymous (2000). These values were determined at
25°Cusing apH meter (AqualLab LITE).

2.4.Rheological Measurements

The rheological properties were measured using a
rheometer (MCT 302, Anton Paar, GmbH, Germany)
in the system of concentric cylinder (diameter 27 mm)
at temperatures of 25, 35, 45, 55 and 65°C for shear
rate range of 0,1-100 s-1. These temperature range
was selected by considering serving and room
temperatures. The graph (shear stress versus shear
rate) is plotted on a log-log scale and data were fitted
to the power law model (Equation 1). Values of
consistency coefficient (k) and flow behavior index
(n) were found by studying the flow behavior of the
ezogelin soups. Its viscosity (1) is reported as a
function of shear rate (Equation 1a) (Steffe 1996).

o=k(¥)n Eq(1)
n=k(¥)n-1 Eq(la)

where, o is the shear stress (Pa), k is the consistency
coefficient, ¥ is the shear rate (s-1), and n is the flow
behavior index.

2.5.Modeling the Effect of Temperature on the
Ezogelin Flow Behavior

The variation of k as a function temperature was
modeled using the Arrhenius model in Eq (2)
(Augustoetal. 2012, Abdullah etal. 2018).

k=kO0 exp (Ea/RT) Eq(2)

where kO=an apparent viscosity index at a reference
temperature (T=w), Ea=activation energy,
R=universal gas constant (8,314 J/mol.K), and
T=absolute temperature

2.6.0Oscillatory measurement analysis

The dynamic rheological experiment (oscillatory test)
can be used to determine viscoelastic properties of
food. The storage (or elastic) modulus G’ expresses
the magnitude of the energy that is stored in the
material or that is recoverable per cycle of
deformation. The loss (or viscous) modulus G” is a
measure of the energy that is lost as viscous
dissipation per cycle of deformation (Gao et al. 2011).
The frequency sweep test was employed over the
range of 0,01 to 100 Hz and Anton Paar Rheometer
Data Analysis software was used to obtain the
experimental data and to calculate G’ and G". The
rheological measurements were performed in
duplicate.
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2.7.Sensory methods

Flavor profile method (Anonymous 1985) was used to
describe and quantify sensory characteristics of the
test samples. The sensory panel consisting of 8
members (4 males and 4 females) in the age range of
30 to 40 from Central Research Institute of Food and
Feed Control (Bursa, Turkey) was formed and trained.
They were chosen on the basis of their ability, sensory
analysis experience and availability to participate in
testing sessions. A trained sensory panel developed a
consensus vocabulary of 6 attributes (saltiness,
bitterness, umami, sourness, sweetness and
astringency (mouth drying)) over 3 tasting sessions.
During panel training, the taste standards were served
to the assessors to provide reference points for taste
intensity ratings. Approximately 30 mL of ezogelin
soup at about 60°C were presented monadically in a
balanced order with three digit random codes in paper
containers and they were asked to rinse their palates
between samples with water (Pinar, Turkey).
Evaluation of each term was performed individually
using 10 cm unstructured line scales (scaled 0—100)
(Carlucci and Monteleone 2001). The panel was

Table 1. pH values of ezogelin soups*

performed in partitioned boots equipped with
daylight.

2.8.Statistical Analyses

Data were analyzed using SPSS 21 (IBM SPSS
Statistics 21). Duncan's Multiple Range Test was used
for mean separation for all data at the 5% significance
level.

3.Results and Discussion
3.1.pH Values of the Test Samples

The pH values of 5 ezogelin soups were determined
(Table 1). It was seen that the L-glutamic acid addition
slightly decreased the pH values of the samples,
which is related to acidic characteristic of L-glutamic
acid (Ophardt 2003). Thus, the impact of L-glutamic
acid addition on soup pH should be considered while
deciding the ideal salt formulation. On the other hand,
addition of 50% KCI (formulation B) to the ezogelin
soup had no significant effect on the pH. This is
because univalent salts (NaClI or KCI) have a similar
impact on the pH of food (Ichikawa and Shimomura
2007).

Formulation pH
A 6,55+0,032
B 6,600,022
C 6,02+0,02°
D 5,76+0,01°
E 5,40+0,019

*Values are mean=tstandard deviation (n=3). Different letters in a column indicate statistically significant differences by Duncan's

multiple range test (P < 0,05).

3.2.Rheological Behavior of Ezogelin Soup

Rheological properties of ezogelin soups were
investigated at temperature range between 25-65°C.

Figure 1 shows the flow behavior characteristic of
ezogelin soup with 10% L-glutamic acid at varying
temperatures. Similar flow curves were also obtained
for the other formulations.
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Figure 1. Flow curves of ezogelin soups containing 10% glutamic acid at different temperatures

(25°C, 35°C, 45°C, 55°C and 65°C).
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Figure 1 revealed that there was a non-linear relation
between shear stress and shear rate, indicating that
ezogelin soups with different salt formulations had
non-Newtonian properties. The experimental results
were well fitted to the simple power law shear stress
and shear rate of model (Eq.1) with high
determination coefficients (r’ =0,942~0,998)
(Table 2). These results are supporting the fact that
power law is the most extensively used model to
describe the rheological behavior of food (Gratao et
al. 2007). The degree of pseudoplasticity can be
determined by the flow behavior index (n) as n
increases, pseudoplasticity decreases (Grigelmo et al.
1999). Results showed that all ezogelin soups
containing different salt replacers had high
pseudoplactic (shear-thinning) behaviors with n
values (0,185~0,377).

Similar observations were made by Erbas et al.
(2005), Celik et al. (2010), Yilmaz et al. (2010) and
Kocaetal. (2015).

The consistency coefficient, k, ranged from 1,644 and
8,913 Pa.sn. k value gives an idea of the viscosity of
the fluid and a high k value indicates a high viscosity
(Bjorn et al. 2012). Table 2 shows that k decreased
with increasing temperature from 25 to 65°C. Similar
observations were reported by Heikal and Chhinnan
(1990), Sopade et al. (1993), Maskan and Gogis
(2000). On the other hand, k changed with salt
formulation but a consistent trend was not observed.
Moreover, n values are nearly independent of the salt
formulation and temperature, which was in accord
with the findings by Hassan and Hobani (1998),
Yilmaz et al. (2010) and Adebowale and Sanni.
(2013).

Table 2. Flow properties of ezogelin soups prepared with varying salt replacers at temperatures of 25 to 65°C.

Formulation | T (°C) k (Pa.s") n r’ ko(Pa.s”) | Ea(J/mol) | 12
A 25 4,335+0,01 | 0,204+0,01 0,963 0,013 14350 0,987
35 3,673+0,02 | 0,264+0,02 | 0,985
45 2,951+0,03 | 0,287+0,02 | 0,982
55 2,449+0,03 | 0,340+0,03 | 0,990
65 2,259+0,02 | 0,355+0,02 | 0,989
B 25 4,656+0,02 | 0,257+0,02 | 0,998 0,001 21217 0,943
35 2,780+0,01 | 0,300+0,03 | 0,994
45 2,460+0,02 | 0,317+0,01 0,992
55 1,803+0,03 | 0,344+0,02 | 0,991
65 1,644+0,03 | 0,350+0,03 | 0,998
C 25 5,689+0,02 | 0,234+0,01 0,970 0,015 14400 0,947
35 4,831+0,03 | 0,273+0,02 | 0,981
45 4,416+0,03 | 0,271+£0,02 | 0,995
55 3,614+0,02 | 0,299+0,03 | 0,983
65 2,698+0,01 | 0,329+0,01 0,942
D 25 8,166+0,02 | 0,185+0,01 0,937 | 0,005 18199 0,937
35 5,129+0,02 | 0,263+0,01 0,995
45 4,365+0,03 | 0,257+0,03 | 0,997
55 3,802+0,03 | 0,309+0,02 | 0,994
65 3,228+0,01 | 0,321+0,02 | 0,991
E 25 8,913+0,02 | 0,290+0,01 0,991 0,0001 28284 0,931
35 4,395+0,03 | 0,277+0,02 | 0,983
45 3,192+0,01 | 0,307+0,01 0,993
55 2,761+0,01 | 0,294+0,01 0,994
65 2,109+0,02 | 0,377+0,02 | 0,993

3.2.1.Effect of Temperature

Figure 2 shows that apparent viscosity decreases with
rising temperature. As temperature ascends,
intermolecular (cohesive) forces between the
molecules decrease, which leads to molecular
distance and flow becomes freer. Consequently,

viscosities of fluids drop (Sahin and Sumnu 2006).
Similar trends were obtained for ezogelin soups made
with other salt formulations. It was seen that the
temperature dependence of the consistency index
(average viscosity of the fluid) (k) obeyed the
Arrhenius law Eq (2) (1*=0,931-0,987).
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Figure 2. Effect of shear rate on the apparent viscosity of ezogelin soup with formulation C.

Log-log plot of the equation was formed in order to
calculate the parameters of relation. The slope of the
Arrhenius plot was used to find the activation energy
(Ea). It reflects the sensitivity of viscosity to
temperature changes; higher Ea means that the
viscosity is relatively more sensitive to a temperature
change (Holdsworth 1971, Sopade and Filibus 1995,
Ibanoglu and Ibanoglu 1998). The Ea values of
ezogelin soups were varying between 14350 and
28284 J/mol. The results indicated that the activation
energy soared with increasing L-glutamic acid
concentration. Ezogelin soup with salt formulation
(E) had the highest Ea. The same trend was reported in
the enriched tarhana soup and beetroot juice (Y1lmaz
etal. 2010, Juszczak etal. 2010).

3.3.Dynamic measurement analysis

The present study showed that the all ezogelin soup
samples exhibited “entagled solution” properties
(G">G' at low frequencies and G"™G" at high

Table 3. Sensory properties of ezogelin soups™*

frequencies). In fact, very few material (guar solution,
thick starch soup) exhibit this behaviour (Ahmed et
al. 2016). This thickness is related to the starch that
comes from the main ingredient like lentin, wheat,
bulgur and rice (Dewan 2013). With increase in o,
both G" and G' increased which is in agreement with
Nayik et al. (2018). It was also observed that when the
temperature was increased, both G’ and G" decreased.
This result is in line with the studies by (Hundal and
Takhar 2009; Nayik et al. 2018). However, it was seen
that salt replacement does not affect mentioned
parameters (G', G") consistently.

3.4.Sensory properties of ezogelin soups

Sensory evaluation of the samples is given in Table 3.
The sensory panel found that perceived salty, bitter,
sour, umami and sweet tastes differed significantly
among the evaluated samples (P<0,05) and use of
different salt mixtures showed no statistically
significant effect on astringent taste (P>0,05).

Formulations | Saltiness Bitterness Astringent | Sweetness | Sourness Umami
A 56,38+1,62% | 14,75+0,75* | 11,38+0,60% | 10,13+0,72° | 11,0+0,71° | 12,75+0,65°
B 25,38+1,27° | 28,88+1,03° | 13,50+1,20° | 6,25+0,45* | 7,38+0,46 | 6,63+0,38"
C 52,63+1,32% | 16,13+0,85% | 12,13+0,44% | 11,00+0,46° | 13,1340,77° | 14,00+0,76°
D 25,25+£1,37° | 16,3840,92° | 11,254+0,59* | 10,63+0,78" | 27,25+0,92¢ | 16,63+0,50°
E 18,00+1,00° | 14,1340,74* | 12,00+£0,76* | 7,00+0,57* | 37,38+0,84¢ | 20,00+0,65¢

*Values are meantstandard deviation (n=3). Different letters in a column indicate statistically significant differences by Duncan's
multiple range test (P < 0,05).
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The results show that ezogelin soup with salt
formulation C can be an appropriate formulation for
50% NaCl replacement (Figure 3). It reached the
same level in saltiness with the reference, whereas
differences in saltiness were detected among the
reference and other soup formulations. The soup with
salt formulation B was found more bitter and sour but
less salty, sweet and umami than the control (P<0,05).
Actually, bitterness is a common problem with the use
of KCI depending on the level of substitution, as
observed in various sodium reduction studies
(Katsiari et al. 1997; Horita et al. 2011). It was

observed that salty and umami taste perception
increased but bitter taste decreased with 10% L-
glutamic acid addition. Sourness of the soup soared in
parelel with L-glutamic acid incorporation. The soup
with salt formulation E was found the most sour
(P<0,05). It could happen as humans perceive the
taste of L-glutamic acid and its salts as umami, but
depending on its chemical form, L-glutamate may
also have other taste components; for instance, salty
(for monosodium L-glutamate), bitter (for
monoammonium L-glutamate) or sour (for free
L-glutamic acid) (Bachmanov etal. 2016).
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Figure 3. Star diagram of sensory evaluation

4.Conclusion

The salt formulation C (50% NaCl, 40% KCI and
10% L-glutamic acid) seemed to be an ideal
formulation to attain 50% sodium reduction in
ezogelin soup without negatively affecting its
palatability and rheological properties, although it led
to abitdecreasement in pH value. These results can be
helpful in process design and quality control of
sodium-reduced ezogelin soup for producing a
healthier soup product without affecting consumer
acceptance negatively. Importantly, our results
provide evidence for L-glutamic acid that can be used
in soups for sodium reduction. Further studies should
in soups for sodium reduction. Further studies should

investigate the effect of using different salt
formulation in soups by imitating industrial
processing instead of home-made processing.
Additionally, the effect of salt reduction on microbial
safety of soups should be examined.
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